Two experiments were conducted with young early-weaned lambs to measure the voluntary intake of dry concentrates when additional protein or lactose was given as a fluid preparation from a bottle.
In recent years much effort has been directed towards elucidating the mechanisms regulating the voluntary intake of food by ruminants. With forage diets the voluntary intake is largely limited by physical distension of the forestomach, as recently discussed by Campling (1970) . With concentrate diets, on the other hand, ruminants tend to adjust their intake to achieve a constant intake of digestible energy (Baumgardt, 1970) . When the intake is regulated by physical distension, dry-matter intake increases with increasing digestibility, whereas the converse is true with concentrate diets. These are generalizations; the point, for instance, where one mechanism operates and another takes over is obviously not well defined and may be influenced by many factors such as animal species, particle size of the feed (Andrews, Kay & Orskov, 1969) and the palatability of the diets (Greenhalgh & Reid, 1971) .
Observations which cannot be satisfactorily explained by either mechanism are those of Egan (1965) and Egan & Moir (1965) . They showed that infusion of casein into the duodenum increased the intake of a low-quality roughage diet by about 42 % whereas infusion of an isonitrogenous amount of urea increased intake by only about 12%. These observations were interpreted to suggest that the protein status of the animal had an effect on voluntary intake, since the effect of urea could be explained by an increase in the recycling of urea to the rumen with a consequent improvement in the rate of rumen fermentation.
I n lambs given diets consisting of barley and fish meal, it was shown ) that voluntary intake increased when the protein concentration was increased from I I to 15 % crude protein in the dry matter. It was difficult to explain this increase in intake. The effect could have been due either to changes in the rate of rumen fermentation or, according to Egan, to .
Animals
Expt I. Ten male and ten female Suffolk 8 x North Country Cheviot 9 lambs were used. They were weaned at 2-3 weeks of age and taught to drink milk from a bottle fitted with a teat. Dry concentrate food and water were offered ad lib. At about 15 kg live weight, when 6-7 weeks of agc, they were allocated to the experimental treatments.
Expt 2 . Ten male Finnish Landrace 8 x Dorset Horn 9 lambs and ten female Suffolk dx(Finnish Landrace JxDorset Horn $) lambs were used. They were weaned and treated as for the lambs in Expt I , and were allocated to the experimental treatments at a weight of between i i and 15 kg.
Design and treatments
Expt I. Two male and two female lambs were allocated at random to each of the five treatments shown below. containing 900 g crude protein/kg dry matter, namely 17 g FPC (2-3 g N), 34 g FPC (4.6 g N) or 51 g FPC (6-9 g N). The fourth group received 10 g urea (4.6 g N) and the controls were given no supplement in the water. The lambs w+ere given the basal concentrate once daily in amounts estimated to be about I O " /~ in excess of voluntary intake. The uneaten feed was recorded three times weekly and dried to constant weight at 100'. The liquid supplement was divided into four equal 125 ml portions and given at 08.00, 12.00, 16.00 and 20.00 hours from a bottle fitted with a teat.
Expt 2. In an initial period of 2 weeks the lambs were given 400 ml cow's milk daily by bottle, and the voluntary intake of a basal, high-protein concentrate diet was measured. The basal diet consisted of (per kg) 840 g rolled barley, 145 g white-fish meal and 15 g limestone: it contained 198 g crude proteinlkg dry matter. Apart from controls, the lambs were given supplements of lactose either in solution (by bottle) or as a solid incorporated into the barley -fish-meal diet.
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Four lambs (two males and two females) were allocated at random to treatments as follows.
Feeding regimen
2 Barley -fish-meal diet given ad lib. with an estimated 10 "/b of food intake as lactose by bottle 3 Barley -fish-meal diet given ad lib. with an estimated 20 % of food intake as lactose by bottle 4 Barley -fish-meal diet with 10 7'0 lactose incorporated given ad lib. 5 Barley -fish-meal diet with 20 % lactose incorporated given ad Zib.
All lambs received daily from a bottle approximately 300 ml water which contained the lactose when this was supplied in the liquid form. The amount of lactose to be given in the water by bottle was calculated by estimating the intake from the amount of concentrate consumed during the previous week and the times of feeding were the same as in Expt I. The concentrate was offered in a way similar to that adopted in Expt I . The all-solid diets contained: IOO g lactose and 900 g basal diet/kg; and zoo g lactose and 800 g basal diet/kg. The trace minerals and vitamins included were the same as for Expt I and all diets were pelleted through a 7.7 mm die.
For both experiments, fresh water was always freely available from a trough and the lambs were randomly allocated to individual pens and bedded with sawdust.
Slaughter procedure
When the lambs weighed about 45 kg (Expt I) or 40 kg (Expt 2 ) they were taken to the slaughter-house where the cold carcass weight and the weight of the carcasses immersed in water at about 7" were recorded. For Expt 2 , samples of rumen fluid were obtained immediately after slaughter. The proportions of volatile fatty acids were determined on acidified samples of rumen fluid by gas-liquid chromatography (Pye 104) with a flame ionization detector (Fell, Kay, Whitelaw & Boyne, 1968) .
RESULTS

Experiment I
The lambs were in good health throughout the experiment and drank eagerly from the bottle at feeding times.
Daily feed intakes at given times were calculated from the slopes of graphs of cumulative feed intake against time. The live weights corresponding to these times were read from graphs where live weight was plotted against time. There was no significant correlation between initial weight and voluntary intake at subsequent weights. The effect of the treatments on the daily intake of the basal feed is given in Table I . At 25 kg live weight, treatment differences in voluntary intake were not statistically significant ( P < 0.1). At 35 kg live weight, there was a rectilinear increase in voluntary intake with increasing amounts of supplementary protein (P < o -o~) , the first increment having the greatest effect. At 45 kg live weight there was a curvilinear response to effects of protein supplementation ( P < 0.01). Supplements of urea did not significantly improve intake of the basal diet at any live weight.
The effects of the treatment on growth rate and food utilization are given in Table 2 . The growth rate increased rectilinearly (P < 0.01) and the food conversion ratio (kg food/kg gain) decreased rectilinearly (P < 0.001) with fish-protein supplementation. The first increment of protein had the greatest effect, but the quadratic component did not reach significance. There were no significant differences between the lambs given the unsupplemented diet and those given urea. The killing-out percentages were not significantly influenced by the treatments. There were no significant treatment effects on the specific gravities of the carcasses.
Experiment 2 All lambs completed the experiment in good health. Occasionally the lambs receiving 20% of their diet as lactose from the bottle showed signs of scouring which suggests that some of the lactose was fermented in the large intestine. In the statistical analysis, both the intake during the first z weeks and the initial weights were tested as covariates, but no significant reduction in the residual standard deviations was achieved. The effects of treatment on intake are given in Table 3 . At 20 kg live weight, the differences between treatments in the voluntary food intake were not significant ;
however, both at 30 and at 40 kg live weight, the voluntary intake decreased rectilinearly ( P < 0.001) with the percentage of the diet given as lactose by bottle. Lactose included in the dry food did not cause significant reductions in intake except at 40 kg live weight when intake was reduced on the diet containing 20% lactose (P < o -o~) ,
and at 30 kg when the diet contained 10 % lactose. The general mean intake decreased rectilinearly ( P < 0.01) with percentage of the diet given as lactose from the bottle and there was no significant effect when lactose was included in the dry food. If the
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weight of the lactose which had been given from the bottle was added to the intake of concentrate there was no longer any significant effect of treatment. The initial and final live weights of the lambs and food conversion ratio are given in Table 4 . There were no significant effects of the treatments on either growth rate, food conversion ratio, killing-out percentage or the specific gravity of the carcass. The proportion of the volatile fatty acids in the rumen did not alter significantly with treatment. The mean molar proportions (o/o) were acetic acid 50.1, propionic acid 29.6, isobutyric acid 1-8, butyric acid 13'1, isovaleric acid 2.0, valeric acid 2.3, and caproic acid 1.1.
D I S C U S S I O N
Effect of protein supplementation on the voluntary intake
The results of Expt I showed that when a basal diet was given which contained 130 g crude protein/kg, an amount which supplies sufficient nitrogen for the microbial fermentation of barley diets (0rskov, Fraser & McDonald, 1972) , food intake was increased when protein was given in such a way that it bypassed the rumen. This increase in intake is unlikely to have been due to an increased recycling of N through blood and saliva to the rumen since urea given by bottle had no effect, and it must be concluded that the effect noted was due to an improved protein status of the animal. It seems, therefore, that the increase in intake observed when fish meal was included in a similar diet , as referred to earlier, was due to an improved protein status of the animals as well, since part of the fish meal has been found to escape degradation in the rumen ). This work thus confirms recent observations by Weston (1971) who found an increased intake when formaldehyde-treated casein was added to a lucerne diet.
The experiment does not however give information on the causal mechanisms, but the additional protein probably enables the animal to metabolize nutrients at a greater rate. It is not known whether a similar effect could be produced in animals whose protein requirement was equal to or lower than the amount of microbial protein produced by the fermentation of the basal feed.
The effect noted has points of similarity with the original observations of Egan (1965) and Egan & Moir (196 j) who found an increase in the voluntary intake of a lowprotein roughage diet when casein was infused through the duodenum. These Australian workers, however, used a low-protein roughage diet, whereas the concentrate diet used here contained 130 g protein/kg so that the experiments differed in both the protein content and the digestibility of the diets. Secondly, the animals used by Egan were mature, which means that their requirements for protein would be very low. In the present work the lambs were consuming food at between two and three times their maintenance level and they were 2-4 months old.
Eflect of protein supplementation on food utilization
The effect of protein supplementation on intake was mainly confined to the lowest increment of supplementation after which there was little or no further increase. There were, however, further small effects on growth rate and conversion of food which were not significant.
The effect on intake of giving lactose in solution
The protein content of the high-protein barley diet used in Expt 2 was estimated from previous experience to give maximum intake even when 10 or 20 96 lactose was included in the diet. The reduction in intake observed when lactose was given so that the rumen was bypassed clearly indicates that about the maximum intake was achieved on the basal diet. The reduction in intake of basal feed was about equal to the amount supplied through the rumen bypass, consequently there appears to be little benefit in supplementing in this way so far as intake is concerned when basal feeds are given which do not impose physical limitation on intake. The effect of supplementation in this way when roughages are given is at present being investigated.
The net utilization of the lactose given in solution may be expected to be superior to that of the lactose consumed with concentrate since losses due to fermentation in the rumen are avoided. With the 20% level of substitution the capacity for digestion in the small intestine might have been exceeded since the consistency of the faeces was sometimes affected in a way that suggested excess fermentation in the large intestine (IZlrskov, Fraser, Mason & Mann, 1970) .
